Objectives: To determine whether bone mineral density is lower in women living in homes for the elderly as compared to free dwelling control subjects, and to investigate factors affecting possible differences. This is the ®rst study with this objective as the primary aim. Design: Case-control study. Subjects and methods: Institutionalised independent elderly women (n 22, mean age 75.1 yAE 6.43 s.d.) randomly selected in a home for the elderly and 22 age-matched control women randomly selected from a sample representative of the independent non institutionalised local population who underwent dual energy Xray absorptiometry (DXA) at the lumbar spine and right femoral neck; anthropometric measurements (height, weight, subscapular and triceps skinfold thickness); general questionnaire. Results: Mean bone mineral density at the femoral neck was 0.618 g/cm 2 (AE 0.130 s.d.) in institutionalised women and 0.709 g/cm 2 (AE 0.106 s.d.) in controls (P 0.02, t-test). Controlling for confounding factors in the analysis of covariance, triceps skinfold thickness and living in a home for the elderly turned out to be signi®cant determinants of bone mineral density. Conclusion: When compared to free dwelling control subjects, institutionalised women show lower bone density, that is the main risk factor for fracture. Reduced peripheral body fat was signi®cantly associated with the low bone mineral density observed. Health programs aimed at decreasing the incidence of fractures among institutionalised subjects will also have to consider the effect of nutritional or life style factors that reduce peripheral body fat. Descriptors: bone mineral density; body fat; institutionalised subjects
Introduction
Low bone mineral density (BMD) is the main pathogenic factor of fractures. Even moderate differences in BMD have been shown to increase considerably the risk of fractures, which represent a dramatically growing problem in terms of human and social costs (Kanis et al, 1994; Marottoli et al, 1994) . In fact, current demographic changes have shown an increase in the older age groups, which will raise the proportion of the population exposed to the risk of fractures and their complications (Avioli, 1991) .
Subjects in residential care and nursing homes represent a growing percentage of the total elderly population; they show a higher mortality as a result of hip fractures than do free dwelling subjects (Fisher et al, 1991; Ooms et al, 1994) . Prevention of fractures is therefore of critical importance in these subjects, but data are still insuf®cient in order to plan adequate strategies.
The present study is aimed at evaluating BMD in a group of healthy elderly women, living in a home for the elderly, and in a matched group of women selected from a sample of the general population. Factors affecting possible differences, including anthropometric (Khosla et al, 1996; Hla et al, 1996; Galvard et al, 1996) and life-style (Dequeker et al, 1994; Vuori, 1996) data, were investigated.
Subjects and methods
The study was conducted in a home for the elderly in Naples (Italy). Residents have private rooms, but meals, cleaning and some nursing are always provided. From the total population of 137 women older than 65 y of age, we identi®ed 84 subjects who were completely independent according to the integral version of the questionnaires on Activities of Daily Living (ADL) (Katz et al, 1970) and Instrumental Activities of Daily Living (IADL) (Lawton & Brody, 1969; Smith et al, 1990) . They had been referred to nursing home after family problems, from them, a sample of 25 subjects was randomly selected. Two women with diabetes mellitus and one on corticosteroid therapy were excluded. None of the remaining women had taken drugs affecting bone metabolism or hormone replacement therapy, nor did controls. Twenty-two control subjects were selected from a sample of 264 women representative of the independent non institutionalised population in Naples. This sample is part of an ongoing epidemiological survey (del Puente et al, 1998) . For each case, a computer program randomly selected a control subject matched by age and nearest duration of menopause.
The sample size was calculated assuming the conventional value of a 0.05 and a value of b 0.20. The expected difference for the variable of interest (BMD) between the groups studied was 10%. Considering a standard deviation up to 10% for such variable, the number of individuals needed for each group was estimated to be of at least 16 units.
After giving informed consent to participation (the study protocol complied with the Helsinky II Declaration), each individual underwent a medical examination (which included medical and pharmacological history), measurements of body weight and height, and was asked to answer a general questionnaire. Triceps and subscapular skinfolds thickness were measured by a John Bull (British Indicators Ltd., UK) caliper on the left side of the body, subscapular/ triceps ratio was calculated to de®ne body fat distribution. Body Mass Index (BMI weight/height 2 ) was also used as indicator of total body fat (Roche et al, 1981) . Percent of body fat was evaluated by predictive formulas using BMI as reported by Deurenberg et al, (1991) . Anthropometric measurements are those recommended for women for use in ®eld studies (Cronk & Roche, 1982) and they were taken following validated and standardized methods for ®eld studies (Norgan et al, 1991) .
The questionnaire included demographic informations; medical, reproductive and smoking history: current smoking habits (yes-no) and approximate life-long cumulative number of cigarettes smoked; alcohol and drug use; referred height (which is the value of height that the subject refers answering to the question:`What is your height now?'), and a speci®c question on past physical activity level from age 13 ± 18, 25 ± 35, 45 ± 55 y. The subjects were asked how often in a month, in those age ranges, did they perform intense physical activity as described by six typical housework activities and heavy work (cleaning carpets, cleaning windows, heavy lifting, walking more than 2 km per day, sport activities, farming). The value obtained for each age was a number representing the monthly frequency of intense physical activity; the ®nal score represents the sum of the three values reported for each subject. Past physical activity recording was preferred to current data because more in¯uent on BMD, due to the absolutely sedentary life-style of old women in our culture. A cumulative index was preferred in order to emphasise any period of more intense activity. Reliability of the score was evaluated, as part of the mentioned ongoing epidemiological study, by re-interviewing 20 volunteers one week apart (intraclass correlation coef®cient was 0.92AE 0.03 s.e.m., P`0.0005). Due to the retrospective nature of the questionnaire a formal validation of the test was impossible, however major aim of the paper was not to obtain a quantitative de®nition of physical activity, but to rank subjects according to the level of physical activity.
In addition, each subject recruited answered a food frequency questionnaire speci®cally compiled to investigate the calcium consumption. It was modi®ed from the questionnaire compiled for the World Health Organization (WHO) Project on Osteoporosis (Maggi et al, 1993) . The question posed was: during the last year, how many times (daily, monthly, yearly) did you eat?: soft cheese; medium/ hard cheese; cheese for stuffed meals or grated parmesan; a glass of milk (whole or skim); yogurt; bread, pasta and rice; an egg; ®sh with bones; other kinds of ®sh; ice-cream, sweets, chocolate; legumes, nuts, and seeds; meat and chicken; fruit or vegetables.
Daily calcium consumption for each subject was calculated on the basis of an Italian standard food portion for each item and using the tables of food composition provided by the Italian National Institute of Nutrition (Carnovale & Miuccio, 1989) . Reliability and validity of the dietary data were assessed on 20 volunteers from the mentioned epidemiological study. Reliability was assessed by re-interviewing the volunteers one week apart. The mean percent of agreement between answers to each single question (®rst vs second interview) was 0.83 (AE 0.06 s.e.m.) with a 95% con®dence interval of 0.74 ± 0.95.
Validity of the dietary data was assessed performing a three-day diet record (one weekend day and two weekdays). Calcium dietary intake resulted not signi®cantly different from the mean calculated with the food frequency questionnaire (intraclass coef®cient variation 1.23AE 0.043 s.e.m.; P`0.0001).
Bone Mineral Density (BMD) was measured using dual energy X-ray absorptiometry (DXA) (Hologic QDR 1000) at the lumbar spine (L1 ± L4) and right femoral neck (Mazess, 1990) according to the quality control criteria our group complies with (Glu Èer et al, 1993) . Daily phantom scanning yields over a one year period a coef®cient of variation 0.56%. The measurements were always performed by the same operator.
The t-test was used to compare means. Regression coef®cients were computed by analysis of covariance using the GLM method (SAS Institute Inc., 1985) .
Results
Altogether twenty-two women living in a home for the elderly were recruited for the study (age range 66 ± 88 y; range of duration of menopause: 12 ± 37 y; mean permanence in the home for the elderly: 20.5 monthsAE 12.2 s.d., range 4 ± 45 months; age at menarche 12.2 y). Twentytwo controls were matched by age and duration of menopause (age range 66 ± 87 y; range of duration of menopause: 13 ± 37 y; age at menarche 13.1 y).
Both groups were comparable for most of the variables considered (Table 1 ). In particular, no signi®cant difference was found in weight, body mass index, past physical activity, referred height, daily calcium intake or other variables not reported in the table, such as number of decayed dental elements, BMD at the Ward's triangle, number of drinks per week, number of cups of coffee per day, subscapular skinfolds (approaching a signi®cant result (Table 1) , percent of body fat, subscapular/triceps skinfolds thickness ratio, prevalence of limb fractures from the medical history, age at menarche, age at menopause, number of pregnancies, total number of months of breast feeding, IADL score; all subjects quali®ed as`independent' according to the ADL questionnaire (score levels A, B or C).
On the other hand, BMD was signi®cantly different when measured at the femoral neck. Signi®cant differences were also found in the measured height (whereas referred height was comparable in the two groups), triceps skinfold thickness, and smoking habits (approximate life-long cumulative number of cigarettes smoked).
As observed in Table 1 , the difference between the referred height and the measured height was more than 7 cm in the group of the study subjects, while the respective difference was only 1.4 cm in the control group. The relationship between BMD at femoral neck and measured height as well as the relationship with the difference between referred and measures height (delta height) were investigated. Using linear regression analysis, results show a very strong correlation of BMD with measured height (r 0.7; P`0.00005), and with delta height (r 0.4; P`0.005).
Bone density and peripheral body fat A del Puente et al
Analysis of covariance, using GLM method, was used to take into account the effect of potential confounding factors on the results and to estimate the correlation between the study variables. The model was: BMD at the femoral neck as dependent variable, living in a home for the elderly (0 no; 1 yes) as a factor variable, and all variables showing signi®cant differences between the groups as covariates: approximate life-long cumulative number of cigarettes smoked, triceps skinfolds thickness. In addition we also included among covariates: past physical activity score, age at menarche, years since menopause, dietary calcium intake. Triceps skinfold thickness and living in a home for the elderly show only a slight reciprocal correlation (r 0.35; P 0.048) that allows the inclusion of both variables in the same model.
The decrease in height was not included in the model because it is an effect of reduced bone mass. Our model, instead, aimed at identifying potential determinants of bone density levels between cases and controls.
Results showed that living in a home for the elderly is signi®cantly correlated to BMD (F-value 7.84, P-value 0.01) with the following BMD adjusted means (and 95% con®dence intervals): among free dwelling women 0.719 g/cm 2 (0.631 ± 0.806), among institutionalised women 0.614 g/cm 2 (0.505 ± 0.722). Among covariates the only variable showing a signi®cant correlation with BMD at femoral neck was triceps skinfolds (Fvalue 8.74; P-value 0.007).
Discussion
Available data from the literature outline that institutionalised elderly people show an increased incidence of hip fracture as compared to free dwelling subjects (Ooms et al, 1994) . A higher mortality rate has also been reported among nursing home residents following hip fracture (Fisher et al, 1991) . Prevention of fractures represents, therefore, a priority in health planning programs for institutionalised elderly people (Hayes et al, 1993) . In addition, if the current socio-demographic trend continues, this subgroup of subjects will increase substantially in the near future, leading to an exponential increase in the costs of osteoporotic fractures (Avioli, 1991) .
BMD is the main determinant in the pathogenesis of fracture. Body composition (Khosla et al, 1996; Hla et al, 1996; Galvard et al, 1996) , smoking habits (Dequeker et al, 1994) and levels of physical activity (Vuori, 1996) have also been reported as risk factors for low bone mass. To the extent of our knowledge, few studies have attempted to evaluate directly the differences in BMD, and their determinants, between independent and institutionalised elderly people (Ooms et al, 1994; Komar et al, 1993) . In none of these papers was this the primary aim, and case-control de®nition is consequently dif®cult to compare.
The aim of this present study was to evaluate BMD in a sample of healthy women living in a home for the elderly, as compared to a control group randomly identi®ed from a representative sample of the general local population and to identify factors affecting possible differences. Although more dif®cult to achieve, we felt that this de®nition of the control group was needed for an unbiased comparison in a ®eld where many are the confounding factors.
Our data show that BMD at the femoral neck is signi®cantly lower in institutionalised elderly women. No difference was shown at the lumbar spine, but it is recognised that this site of measurement is less reliable in the elderly, due to the effect of the osteoarthritic bone changes (Orwoll et al, 1990) .
Many factors could play a role in determining the decreased BMD among institutionalised subjects. Subscapular skinfolds are used as a measure of trunk fatness, whereas triceps measurements are an indicator of limb fatness (Norgan et al, 1991) ; our data indicate a general decrease in subcutaneous fat among cases since the skinfolds thickness is reduced at both sites, however the only difference reaching statistical signi®cance is relative to triceps skinfolds suggesting a prevalent decrease in peripheral body fat. The subscapular/triceps ratio did not show any signi®cant differences between independently living and institutionalised women. Data in the literature on postmenopausal women support an effect of body fat and body fat distribution on bone metabolism (Khosla et al, 1996; Reid et al, 1992) . This effect might be mediated through an estrogenic mechanism, since the peripheral conversion of androstenedione to estrone in adipose tissue cells is an important source of total circulating estrogen activity after menopause (Barzel, 1988; Schindler et al, 1972) .
Dietary calcium intake was not different between the groups studied and it was comparable with the mean intake Puente et al, 1995) . The role of exposure to sunlight needs further investigation. The results showed that the difference between the referred height and the measured height was more than 7 cm in the group of the study subjects, while the respective difference was only 1.4 cm in the control group. This difference was found constantly among institutionalised women, therefore it is likely not due to disk pathology. The comparison between measured height and referred height con®rms its practical role as a gross index of probable osteoporotic vertebral deformities. In fact, BMD shows a very strong correlation with measured height as well as with delta height. The decrease in height is an effect of osteoporotic fractures usually at thoracic vertebral level, which can explain why there is no difference in lumbar spine BMD between the groups. In addition, it is worthy to note that the evaluation of lumbar bone density is a less reliable measurement in the elderly, due to the effect of the osteoarthritic bone changes.
Conclusions
Institutionalised subjects showed lower BMD than in controls. The cross-sectional nature of the present study limits the possibilities of identifying causative factors. However, the association found between living in the house for elderly and reduced bone mineral density is of peculiar interest due to the growing trend of institution-alisation. It is, therefore, mandatory to pay attention to the factors that determine the increased fracture risk among these subjects. We feel that such data are of interest for their implications in the public health policy.
Data suggest that health programs aimed at decreasing the incidence of fractures will also have to consider the effect of nutritional or life style factors that reduce peripheral body fat.
